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DETERMINING CRITICAL DEPTH OF WATERWAYS, CANALS

Professor M. 3. Vyzgo

i conducting bydreulic ciloulataony rol watervays and canals and for hydraulic
e tacering projects, it is poerers 1y diiniealt to find the eritical depth.

. we know, e criticsl de) V. i not bty of emy form, relestive to the flow
Crosis Swction, is the c¢oplls comrenpording to the kinetic Lorces of the {low, chura-
cterized by Froude's mumber P 13 i.e.
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whure co, 1s Lhe area of the kinctic scetion at deplh equal to the critical; Bi( is
the compass width at tho same depth,

.
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Cinee we nay always write o, = o WE and 5= aho, the penernl expren sl v
for the critical depth in a watelay % any Jnk\m duf Mlabusl trom 1he equation
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- This general expression for critical depth with any cross-gection may be
converted easily for various individual forms.

For & trapezoldal form, consldering that = .é. = s G,
and therefore ’ e 6 - » Ve have a; 5K+m’ % ﬁ tim;

| [A=(g+m)?
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“ he=V <@? fF2m . g ram ()
% (B +m)3
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Tt oo immcdistely obvious that, in the particuler cese ware b = 0, and /} = 0,
{.c. wilh a triangular profile, we have A :.{,igggi R
o then @ =1 e 1 4 y;n*

A!.'CS': 0'731/ Lg‘.)l (3)

(Mote tuut in some hydraulics courses, the cocliicient in this formule is ¢rroneously
given as 0.29).
In the particular case wncré 1= C, i.e., for a rectengular profile, we bave
po= B =S4T me
k laf‘»hl g b 3
I Q . S
or, considering that q ==, and SOLVing for hk’ we find h = ;g Af =1,
we obtsin the recognized ?ormula ¢

o
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2
hy=0.467¢% (k)

In all cases where LY 0 and n » 0, the critical depth will Dbe found zccording
to formula (2). Obviously, sccurate solution directly by this formula is made
difficult since not knowing hE’ we do not kuowl B y, which necessitates solving (2)
by selection. However for thi majority of broad weterways, it is possible to
simplify selection, Formla (2) gives a sufficiently accurate, though approximate
solution if ﬂ is assumed enual to {} , substituting, in place of the actual (for
a trapezcidal Section) uritical depthf a depth corresponding to a rectengular sec-
tion, with a widt.. vn bottom equal to the width of a given trapezoidal waterway.

In such a case 3 .
. —-__6____ - /——‘E— : .

0. 467%7

Computed by this formula, ﬁ k obviously will always be lese than ﬂ  for @
trapezoidal section.

s e T

Substituting this quentity for g g in formula (2), we find hf and check whether
ﬂ;: 2 will actually be close to the quentity given in (8)e

In case of discrepancy (for narroyer waterways with flet slopes), we must sub~
stitute in (2) a new value of = - , where it will be necessaly to take

h& according to the estimate obtained, fnd ogain check the quantity Ay o+ I is
usually possible to end solution of the provlenm at this point without further sub-

stitutions.

Such a solution eliminates the use ol more complex Lormulas [5;7 or the use of
tables /2_] end grephs [37

We propose the following table of values for aj, 8o, and A, and also tworking!
formulas for determining critical depth of profiles of varied fom.
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porking Fornula when o= 1

Trienpulsl,

sytunc trical 1 L

i
Triangular, moton \ : Ba TN
g 2 , ! 2 = Ba [ W .
nonsymne Ly ical Al e ity (et my h Ps 9 i, 0y
) £ )
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Rectanguler B, \ B, ﬂ: = 0.46’/1%

p—
Parabolic 2\ 8p 0.455 Q*
et S s\

(5) =2ph

g
. (7 om)? .,,_(p& *lﬂg:
g, 'rapezoidal F?k-r m Fk +2m gﬁ";ﬁ?—“ h“= 0.63 -’—‘“—(Pk ST

A. V. Troitskiy's X Q_Q_" _tam
formula "1{"« 9 b+

ga+2m 2m

(In the 1last formula, the jndex of the degree ®=3FTm F , and is

BT
called by Troitskiy "the hydraulic index of the section” as distinct from B. A.
Pakhmetev's nydraulic index of the waterway.) .
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[ 1_7 Ccf Troitskiy's formula' in teble.

[ 2_7 ¢cf Prof I. I. Agroskin's tables in the book nppe Hydraulics of Cenels,” 1940.
cf Prof A. N, Rekhmanov's graphs in Prof K. L. Chertousov's “gpecial Course
in Hydraulics ," 1937; also graphs by A. M. Latyshenkov (Gidrotekhnicheskoye

Stroitel'stvo, No 2, 1947); A. A. Uglnchus (ibid., No 8, 1947); P. G. Kiselev,
(ivid., No 11, 1948).
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